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sf uMl b an ^ gr ? up or ? "H""* 1 of ^ or morc carbon atoms; and 
the cSounds°(I) an gr ° UP (ES " defined) ' and t0 a P rocess for Producing 
15 »,„ ? ithe ^« testosterone or derivatives thereof (e.g. testosterone propionate) 
have been introduced for the therapy of estrogen-dependent disease (el advanced 

™ n f a?C ^ r) -.wK an i ,es H. 08 t n . druR ?- However, the therapy if general 
f£ 0 a m P amed with the drawback inter alia that the virilizing effect resulfing from 
20 !he thVra?y CmC testosterone P'events the patient from continuing with 

rctrr^n^^u^S? "if 1 ^^estradiol derivatives have substantially no 
i i ty but "f^ ; havc 1 an antiestrogen activity, and that this propensity is 
P/SriM P ronounc f cd whe " ft e number of carbon atoms in the 16/l-alkyl mofety 

25 b^&SS^ ft ° m 2 10 4 - The PrCSCnt inVenti0n is MC0 * « «2 
The present invention provides compounds of the general formula (I). which 
are useful as an antiestrogen drug and a process for producing the compounds (I) 
mim R f™!« the fo ™ ula 0) a " d to formula (II) described below, the alkyl 

m TV - nyl i? rOUP u °J two , or more carbon atoms designated by R 1 may be 
30 straight-chain or branched, and saturated or unsaturated, thus being exemplified 
by lower alky groups having 2 to 4 carbon atoms, such as ethyl, prowfKSSl 
butyl isobutyl sec-butyl, tert-butyl. aUyl and 3-butenyl. The acyl group desSnated 

h^^ rmUl l (I) ^ and £ y R1 >5 d R1 m formula M Mo^is defined i t ; a 
« ™ °n-eari>onyl group whose hydrocarbon moiety has from 1 to 8 carbon 
35 atoms. The hydrocarbon-carbonyl group is exemplified by lower alkylcarbonvl 
groups whose alkyl moieties have I to 3 carbon atoms. l.g. acrtyRroSSl 
butyryl: arylcarbonyl groups, eg, benzoyl; and aralkylcafbonyl groujs e g 
r^nylpropionyl. Where R' and R» are an acyl group, the substituent -!or» or 
sn ™i hc 17 -P° s,t «»> of formula O) or (H) is an csterified hydroxy! group, and the 

40 corresponding compound is a 17-ester of the compound (I) or (II). The 
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hydrocarbon radical designated by R 1 in formula (II) is an alkyl, aryl or aralfcyl 
group. The alkyl group mentioned for R 3 may be a straight-chain or branched 
lower alkyl group of 1 to 3 carbon atoms, viz. methyl, ethyl, propyl or isopropyl; the 
aryl group mentioned for R 3 may, for example, be phenyl or A-nitrophcnyl; and the 
aralkyl group for R 3 may, for example, be benzyl or benzhydryl. 

The compounds (I) of the present invention can be produced according to per 
se known methods. For example, the compounds (I) may be produced according to 
the method illustrated as follows: 



1 deesteriflcation 
R or 

deetherification 



10 





wherin R 1 and R a have the same meaning as defined above, R 2 ' is hydrogen or an 10 
acyl group, and R 3 is a hydrocarbon radical or an acyl group. 

Thus, the above method is carried out by subjecting the compound (II) to a 
reaction leading to the cleavage of the acyl group or hydrocarbon radical of the 
esterified or etherified hydroxyl group in the 3-position thereof. 
15 By the present reaction, the acyl group or hydrocarbon radical of the esterified 1 5 

or etherified hydroxyl group in the 3-position is removed, thus leaving a free 
hydroxyl group in the 3-position. 

This reaction, where R 3 is an alkyl or aryl group, that is to say where —OR 3 is 
an etherified hydroxyl group, is carried out by reacting the compound (II) with a 
20 reagent capable of cleaving an ether linkage. The ether-cleaving reagent may be 20 
any reagent which is able to cleave the ether linkage of the etherified hydroxyl 
group in the 3-position without affecting the steroid skeleton and the 16B-alkyl 
group of the starting compound. Thus/for example, there maybe mentionedacidic 
reagents, for example, hydrohalic acids such as hydrochloric acid, hydrobromic 
25 acid and hydroiodic acid, halides of phosphorus, boron, aluminium, thallium and 25 
titanium preferably the corresponding chlorides and bromides (e.g. phosphorus 
tribromide, boron tribromide, aluminium chloride, titanium tetrachloride), 
pyndimum halides (e.g. pyridtnium chloride); Grignard reagents (e.g. 
mcthylmagnesium iodide and ethylmagnesium bromide); and sodium iodide- 
30 dimethylsulfoxide. Generally, such ether-cleaving reagents are used in amounts 30 
within the range of from I to 10 moles per mole of the compound (II). While the 
reaction can take place in the absence of a solvent, it is generally carried out in the 
presence of a solvent. The solvent may be, for example an organic solvent capable 
of dissolving steroid compounds such as an ether (e.g. diethylether. 
35 teU-ahydrofuran), a halogenated hydrocarbon (e.g. dichloromethane, chloroform, 35 
cnlorobenzene, dichlorocthane, trichloroethylene), an ester (e.g. ethyl acetate, 
butyl acetate), nitrobenzene, dimcthylformamidc, dimethylsulfoxide or 
hexamethylphosphoramide. The reaction is generally conducted within the 
temperature range of from -10°C. to 250°C. when no solvent is employed, or at a 
40 temperature within the range of from -10°C to the boiling point of the solvent 40 
when a solvent is employed. Following the reaction, the reaction mixture may be 
immediately treated with water to recover the desired compound. Where R 3 is an 
aralkyl group, the cleavage reaction according to this invention may be carried out 
by subjecting the compound (II) to catalytic reduction or hydrolysis. The catalytic 
45 reduction may be carried out in the presence of a catalyst such as platinum oxide. 45 
palladium or Raney nickel, generally in a solvent such as methanol, ethanol, ether 
or tetrahydrofuran at a temperature within the range of from 10°C to 60°C, and at 
a presrure within the range of from 1 to 100 kg/cm 2 . Where R 1 is an unsaturated 
alkyl group, the conditions chosen should be such that the unsaturated bond will 
50 not be reduced, e.g. reduction at normal temperature and atmospheric pressure. 50 
The hydrolysis is carried out with the same reagent as the ether-cleavage reagent to 
be employed where R 3 is an alkyl or aryl group, or with a halogenoacetic acid such 
as tnfluoroacetic acid, trichloroacetic acid or monochloroacetic acid under the 
same conditions as those employed for the ether-cleavage reaction where R 3 is an 
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female human per week. The dose may be divided into 2 to 3 weekly doses of the 
corresponding smaller amounts. 

Tne compound (I) wherein R 1 is an acyl group, i.e. 17-ester of l6£-alkyl 
estradiol (I) is, generally speaking, long-active, slow-active, stable in storage and/or 
easy to prepare in dosage forms in comparison with the 17-hyroxyl compound 
corresponding thereto. 

There may be exemplified compositions in which a compound of this invention 
is used as an antiestrogen drug; 



Injections: 

(1) 161-ethylestradiol 
sesame oil 

(2) 160-ethylestradiol 
17-acetate 
benzyl benzoate 
sesame oil 



Capsules: 



Tablets: 



1 6^-etbylestradiol 
17-acetate 
lactose 
corn starch 
sugar ester 
calcium salt of 

carboxymethylceDulose 
magnesium stearate 



160-ethylestradiol 
17-acetate 
lactose 
corn starch 
sugar ester 
calcium salt of 

carboxymethylceUulose 
magnesium stearate 



10 weight parts 
1000 volume parts 

100 weight parts 
20 volume parts 
1000 volume parts 



20 weight parts 
140 weight parts 
50 weight parts 
4 weight parts 

4 weight parts 
2 weight parts 

(220 mg/capsule) 



20 weight parts 
100 weight parts 
90 weight parts 
4 weight parts 

4 weight parts 
2 weight parts 

(220 mgftablet) 



In the prescriptions, '^weight part" corresponds to "gram", and **volume part" 
corresponds to "milliliter". 

Tne starting compound (II) for this invention may be produced by the method 
described in the specification of German Patent Application As Laid-Open No, 
2100319.0 or by the method described in Chemical Pharmaceutical Bulletin Vol. 
21, 1393 (1973), or a method analogous with the latter method, from the estra- 
l,3,5(lO)-trien-16-oxo-17£-ols corresponding to the compound (II) or the 
compounds described in Tetrahedron Vol. 30, 2107 (1974). It should be noted that, 
generally, the estra-l,3,5(lO)-trien-16-oxo-170-ols or their derivatives may be 
produced by procedures similar to the procedures established for the species 
known among them. 

The starting compound (II), wherein both R 2 ' and R* are the same acyl group, 
can be produced by reacting the compound (I) wherein R* is hydrogen with an 
acylating agent according to per se known procedures established for the acylation 
of the alcoholic hydroxyl group. The acylating agent is exemplified by acid 
anhydrides (e.g. acetic anhydride, propionic anhydride, phenylpropionic 
anhydride)-organic or inorganic bases, acid nalides (e.g. acetyl chloride, propionyl 
chloride, phenylpropionyl chloride, benzoyl chlorideVorganic or inorganic bases, 
acids-dehydrating agents such as sulfuric acid, hydrochloric acid, 
dicyclohexylcarbodiimide. For example, the acylating reaction may be conducted 
in the presence of a catalyst which may be an alkaline catalyst such as, for example, 
pyridine, picoline, collidine, quinoline or a tertiary amine, e.g. triethylamine, or an 
acid catalyst such as, for example, a Lewis acid, e.g. boron trifluoride, zinc chloride 
or aluminium chloride, p-toluene sulfonic acid or potassium hydrogen sulfate. The 
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^fcJ.^ n wi , ^ conducted l ? on « °, f the «"nmon proton-inert solvents for 
steroids which include, among others, halogenated hydrocarbons. e.g. chloroform 
fSS^Ti ^carbons. «:«•. toluene, bcnzew. SSSS^S^rSSA 
5 S «V *f Defl, » l formamide. pyridine and picoline. AlternatiVely. use may be 

ttt^te.?" 55 , 0 ^ 6 acy,atm Ji f^i such M M 0I »anic acid anhydride or 
the like so that the acylating agent will also function as the necessary solvent The 
j^on usudly proceeds at from 0»C to room temperature. althoSXeacK 
may be hastened by heating the system to the neighborhood of IOO'C After tile 
reaction is complete, the reaction mixture may. for example, be Seated I with a lan£ 

EM Wat f r t °- , t t thc acyIo . xy Natives crystallite or. aUerSelyT 
subjected to extraction with an organic solvent to recover the desired compound 
The invention is aiustrated by the following examples: 
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Example 1 

-mJm R a11 16 /»: e *ylestradiol 3-methyl ether are added 1.3 g of pyridinium 

™m C * e nuxture "l^" 1 at 150 ° C - After 2 h0 «rc. the reaction mbituVefe 
poured into ice-water and the resulting crystals are collected bv fikraiion 

Sl7fto U m.? 0m Ctbyl 16 /^*tradiol is obtataK needlimXg 



at 173 to 174°C. 

IR i^cnr': 3410. 3150 (OH. 1610. 1595 (Ar, "Ar" means "Aryl"). 

20 NMR S^*'; 0.68 (3H. s. 18-CH,), 1.11 (3H. t, J=6Hz. CH S ) 

Mass m/e 300 fl^JJ&i ^ ^ ^ Art> 

Elemental analysis, for C^H^O, 
25 gated C. 79.95; H, 9.39 

Found C, 79.89; H, 9.24 



^ T ? a ^ t,0n , of a25 ,? of 16/J-ethylestradiol 3.17-diaceUte in 15 ml of 
Sano B so,uUon . of , ? m § of anhydrous potassium carbona e in 2 ml of 

methanol and the mixture is stirred at room temperature for 15 minutes The 
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_ , . Example 2 

»M Ji 0 * so ! utlon I of 2-3 g of 16/J-ethylestradiol 3-methyl ether in 25 ml of ether is 
added an ethereal solution of solution of methylmagnesium iodide foreWed bv 
S,?„ R 0 'l? ° f .^"fr «"« 7-0 ? of methyl iodide in 50 ml ofether)^ The 
Fntei nUrtUre \ S h f ated L and cthcr h ^dually removed under reflux 30 
2h^*Ift m ? Val *te*h*.ite reaction mixture is further heated at 120° C for 
2 hours. After coohng. the residue is carefully poured into ice-water in small 
portions The aqueous mixture is adjusted to pH 2 with 51^hydrocWoric acid and 
e^hte^.^ «E ? oU ? Cted \ P trati0 °- RccryTtaluzed froL 1 ethyl a^eUte 
Ir^?—** 101 B obtain . cd «* needles. In melting point and IR spectrum this 
product is in agreement with the product obtained in Example 1. 5pcciram ' lIUS 

T 1ri , , , , Example 3 

wi t S m pH h i rdr r de - T J ,e is hcated 61 50 ° C - for 3 hS^r So"£ 

*S dd S dt ° ^ {■f c . tlon .n"*?". and the resulting mixture is then adjurtedto 
fnJZ ^^ ydro , ch i°", C , acld - 71* ^Parated crystals are recovered by ffltration 
to yield 16/J-ethjdestradiol. In melting point and IR spectrum, this compound ! is to 
agreement with the product obtained in Example 1 - compouna is m 

45 ,,it . . Example 4 45 

(l)Toasolutionof0.17gof 16B-ethylestradiolin5mlofpyridin'eisadded 1 ml 
?n a " hydridc - th l resu Wng mixture has been keptK'C for 8 hou" 
dlhlnfnXl " c ^ dcd t0 * c paction mixture, and the mixture k exacted wUh 

50 Si m «,fc C ; ? C ° rean ! C ! ay , cr ^^hed with water, dried over Anhydrous 

£ SU o ate co . nc entrated. whereupon pale yellow crude crystals are 50 
obtained Recrystalhzation from methanol gives 16/J-ethylestradiol 3 17-dia7etate 
as colourless needles melting at 148 to 149»C. "»y«w«uioi J.i / aiacetate 

IR i*2i cm"': 1760 (OCOCH 3 ). 1725 (OCOCH,). 
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reaction mixture is concentrated under reduced pressure and made acidic with 2N- 
hydrochioric acid, whereupon crystals separate out 

Recrystallized from ether-n-bexane (1:1), 163-ethylestradiol 17-acetate is 
obtained as colourless needles melting at 187 to Hs8°C. 

5 IR Pj£,cm- 1 : 3400 (OH), 1725 (OCOCH 3 ), 5 

Elemental analysis, for C+MJO- 

CalcoV C, 77.15; H, 8.83 
Found C, 77.19; H, 8.80 

Example 5 

10 (1) 16-Ketoestradiol 3-benzylether is reacted with ethyl magnesium iodide in 10 

ether to give 16/*-hydroxyl-16a-ethylestradiol 3-benzylether. The product is treated 
with pyridine-acetic anhydride to give l6£-hydroxyl-16a-ethylestradiol 3- 
benzylether 17-acetate. The resulting 17-acetate is heated with zinc powder in 
toluene at 130°C for 5 hours to give 16/S-cthylestrone 3-benzylether. The product is 

15 treated with sodium borohydride in methanol, whereupon 16/l-ethylestradiol 3- 15 
benzylether is produced. 

(2) In 30 ml of methanol is dissolved 0.73 g of 16/*-ethylestradiol 3-benzylether, 
followed by the addition of 210 mg of platinum oxide. The catalytic reduction is 
thus conducted at atmospheric pressure and room temperature. After the 

20 absorption of hydrogen has been completed, the platinum oxide is filtered off and 20 
the filtrates are concentrated under reduced pressure. By the above procedure, 
160-ethyiestradiol is obtained as crude crystals. This crude product is recrystallized 
from ethyl acetate as in Example 1. In melting point and IR spectrum, this product 
is in agreement with the product obtained in Example 1. 

25 Example 6 25 

To a solution of 0.93 g of 160-isopropylestradiol 3-methyl ether in 15 mi of 
ether is added an ethereal solution of methylmagnesium iodide. The mixture is then 
treated in the same manner as Example 2, whereupon 16/*-isopropylestradiol is 
obtained as crude crystals. The resulting crude crystals are recrystallized from ethyl 

30 acetate. Melting point 221 to 222°C. 30 

IR cm* 1 : 3400 (OH), 1610, 1590 (Ar). 

NMR SJ&T 50 : 0.70 (3H, s, 18-CH 3 ), 0.83 (3H, d, J=5 Hz, CH 3 ), 

0.98 (3H, d, J=5 Hz, CH 3 ), 3.73 (1H, d, J=9 Hz, 17<*-H), 
6.4—7.2 (3H, m, Ar) 

35 Elemental analysis, for CjtH,^ 35 

Calcd. C, 80.21; H, 9.62 
Found C, 80.30; H, 9.67 

Example 7 

Underlce-cooling 0.2 g of phosphorus tribromide is added in small portions to 
40 a solution of 0.6 g of 1 6£-ethylestradiol 3-methyl ether in 10 ml of dichloromethane. 40 
The resulting mixture is allowed to stand at room temperature for 4 hours. The 
reaction mixture is poured in small portions into ice-water and extracted with 
dichloromethane. Upon removal of the solvent by concentration, 16/*- 
ethylestradiol is obtained as crude crystals. Recrystallization under the same 
45 conditions as in Example 1 yields pure crystals. In melting point and IR spectrum, 45 
this product is in agreement with the product obtained m Example 1. 

In a similar manner to the above, 16>aUylestradiol is obtained from 160- 
allylestradiol 3-methyl ether. Melting point' 204 to 206°C. 

IR »a cm* 1 : 3350 (OH), 3080, 1640 (allyl), 1610, 1595 (Ar). 

50 Elemental analysis, for Cj,H w O. 50 

Calcd. C, 80.73; H, 9.03 
Found C, 80.77; H, 9.10 

Example 8 

(1) To a solution of 0.3 g of 160-ethylestradiol in 2 ml of pyridine is added 0.6 55 
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I Jft 0p, f n V c "^nde. After keeping the resulting mixture at 50»C for 10 
SSSf^i' 1.1 watcr add « d t0 the reaction mixture, followed by extraction 
rS. J^ hloromct hane. The organic layer is washed with water, dried over 
anhydrous sodium sulfate and concentrated, whereupon crude crystals are 
5 obtained. Recrystallization from methanol gives l6fl-ethylestradiol 3 17- 
dipropionate as colourless needles melting at 57°C. 

IR pSS,cm-»: 1760 (OCOC,H s ), 1725 (OCOQH.). 

methfn Jylrl !S{W« of ° 2 / °l W«WMt«dloI 3,17-dipropionate in 10 ml of 
methanol are added 1 6 mg of anhydrous potassium carbonate, foUowed by stirring 
10 at room temperature for 30 minutes. The reaction mixture is concentrated unde? 
reduced pressure, and the residue is made acidic with 2N-hydrochloric acid 
ISSST 1 a T U K *** obtain ? d - The crystals are collected by filtration and 
S3!£S£: m?om%' "/^estradiol 17-propional as colourless 

15 IR p** cm"': 3350 (OH), 1700 (OCOQH,). 

Elemental analysis for C„H„O s 

Calcd C, 77.49; H, 9.05 
Found C, 77.48; H, 9.07 

„ .... . ., Example 9 

Unhil U^ mla f to Example 4-(l), 16/J-isopropylestradiol 3.17-diacetate 20 



25 
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Melting point: 115 to 11 &C. 
IR Can'': 1765 (OCOCH,). 1735 (OCOCH 3 ). 

i. h v ( AnL*A m ^ T 10 Exam R ,c 4 -P). 16/5-isopropylestradiol 3,17-diacetate 

to ^ l^isopropylestradiol 25 

IR pKicm-': 1350 (OH), 1700 (OCOCH,). 

Elemental analysis for C^H^O;, 
, ft Calc. C. 77.49; H, 9.05 

30 Found C, 77.31; H, 9.11 30 

y-.^T , . Example 10 

mii aEZXS H° a A f ?" 2 8 of'^ethylestradiol 3-methyl ether 17-acetate in 10 
«ri9[,H m rt r^f U,foXld 5 ,S added 0 5 * of dried sodium iodidc . <« d the mixture is 
15 SS£?f„ S ° U ? UDd " a mtr0R S n $™ stream - After cooling, 30 ml of water are 
^ reaCt, ° n m * ture : and the resulting mixture is extracted wtaeth" 
c?„c2J™t^ yCr IS K washed ^ watcr « dried over anhydrous sodium sulfate and 
concentrated, whereupon pale yellow crude crystals are obtained 
Recrystallization from ether-hexane (1:1) gives 16«-ethylestradiol iTacetate Thk 

40 tt U R^?ecS rdanCe ^ V n <^ "*& sessa usgiSs 

(2) Similarly to Example 7. 16^-ethylestradiol 3-methylether 17-acetate is 
treated with phosphorus tribromide to yield l^^eil^ ^cetote. 

d< „ n f5 (, 2>I 0a i SO,Ut - ion of ?: 3 ?o f ^STestradiolin 10 ml of pyridine is added 0 5 
houl' P K ^ P of t" 0 ^ 6 ' ^ d J he m [ xturc 18 *** at room temperature for 12 
eStid St^htTrS. *J?L addcd t0 - the rea S ti0 ? and the mixture is 

nnt«^l^« u h ! r T£ e J** ,ayc . r IS washed ^th a 3N-aqueous solution of 
potassium carbonate, dned over anhydrous sodium sulfate and concentrated 
whereupon 16/J-ethylestradiol 3,17-diphenylpropionate is obtained. COnccntrated ' 

50 IR cm" 1 : 1760, 1735 (OCOCHjCH,— C.H.). 50 

(2) To a solution of the product obtained in the above experiment (11 in 10 ml 
of methanol is added 0.1 g of potassium carbonate and the Sre is stfnid al 
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room temperature for 30 minutes. The reaction mixture is concentrated, and to the 
resulting residue are added 10 ml of water, followed by extraction with ether. The 
ether layer is washed with water, dried over anhydrous sodium sulfate and 
concentrated, whereupon a crude oily product is obtained. The product is 
5 subjected to silica gel column chromatography using benzene-ether (3:1) as an 5 
eluent thereof to give 16£-ethyl estradiol 17-phenylpropionate as a colourless oil. 

IR cm" 1 : 3400 (OH), 1700 (OCX)CH a CH J C t H 9 ) 1 1605 (Ar). 

Mass: m/c 432 (M + , M=432 for C^H^O,) 404 (-29), 299 (-133). 

Example 12 

10 (1) In a similar manner to Example ll-O), 16/J-ethyIestradiol is reacted with 10 

benzoyl chloride to give crude crystals. Recrystaliization from ether gives 16i- 
ethylestradiol 3,17-dibenzoate melting at 177 to 178°C. 

IR Ccm- 1 : 1735, 1720 (OCOCeH B ). 

(2) According to a similar manner to Example 1 1-(2), 160-ethylestradiol 3,17- 
15 dibenzoate is hydrolysed with potassium carbonate to give 165-cthylestradiol 17- 15 
benzoate melting at 1?4 to 196°C. 

IR cm" 1 : 3450 (OH), 1695 (OCOC 6 H 6 ). 

Elemental analysis for Cj 7 H«0, 

Calcd. C, 80.16; H, 7.97 
20 Found C, 79.87; H, 7.99 20 

Example 13 

(1) 16-Ketoestradiol 3-methylether is reacted with n-butylmagnesium iodide to 
give 16^-hydroxy-16a-n-butyIestradiol: 

IR pJS 1 cm* 1 : 3500 (OH), 1605, 1590 (Ar). 

25 Acetylation of the compound with acetic anhydride in pyridine gives the 25 

corresponding 17-acetate: 

IR pSicm- 1 : 3450 (OH), 1730 (OCOCH 3 ), 1605, 1595 (Ar). 

The 17-acetate is treated with zinc powder in toluene for 4 hours at 130°C to 
give 16/M)utyiestrone 3-methylether: 

30 IR pB cm' 1 : 1735 (c=o), 1605, 1595 (Ar). 30 

Reduction of 160-butyle$trone 3-methyl ether with sodium borohydride in 
methanol gives 16j?-/»-butylestradiol 3-methylether: 

IR cm"': 3500 (OH), 1605, 1595 (Ar). 

In a similar procedure to the above experiment (1), 16£-(3-butenyl)-estradiol 3- 
35 methylethef is produced from 16-ketoestradiol 3-methylether and 3- 35 
butenylmagnesium bromide. 

IR v»S$ cm" 1 : 3500 (OH), 1635 (c=c), 1605, 1590 (Ar). 
Mass: m/c 340 (M + ), 325 (-15), 322 (-18). 

(2) In a similar manner to Example 2, 16/3-n-butylestradioI 3-methylether is 

40 reacted with methylmagnesium iodide to give 1 6^-n-butylestradioI melting at 1 48 to 40 
150°C (recrystaliization from bexane). 

IR itficnr 1 : 3400 (OH), 1605 (Ar). 

Elemental analysis for C„H M 0 2 

Calcd. C, $0.44; H, 9.83 
4 * Found C, 80.40; H, 9.99 45 
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In a similar manner to the above experiment (2), t6/3-(3-butenyl)-estradiol is 
obtained from 16£-(3-butenyl)c$tradiol 3-methylether. 

Melting point: 154 to 156°C. 

IR Ccm"': 3400 (OH), 3050, 1635 (c=c), 1605 (Ar). 

Elemental analysis for C^H^O, 

Calcd. C, 80.93; H, 9.26 
Found C, 80.62; H, 9.58 

WHAT WE CLAIM IS:— 

I. A compound of the formula (I); 



10 




(i) 10 



wherein R 1 is an alkyl group or an alkenyl group of two or more carbon atoms, and 

R* is hydrogen or an acyl group (as herein defined). 

2. A compound as claimed in Claim 1, wherein the alkyl group represented by 

R 1 is a lower alkyl group having 2 to 4 carbon atoms. 
15 3. A compound as claimed in Claim 1 or 2, wherein R a is hydrogen. 15 

4. A compound as claimed in Claim 1 or 2, wherein R J is an acyl group 

D2 • i A con JP° J und L a s claimed in Claim 4, wherein the acyl group represented "by 

R 2 is lower alkylcarbonyl whose alkyl moiety is alkyl having I to 3 carbon atoms, 

benzoyl or phenylpropionyl. 
20 6. 161-ethylestradiol. 20 

7. 160-ethylestradiol 17-acetate. 

8. 160-isopropylestradiol. 

9. 16£-allylestradiol. 

10. 161-ethylestradiol 17-propionate. 

25 11. 16^-isopropyIestradiol 17-acetate. 25 

12. 16£-ethyl estradiol 17-phenylpropionate. 

13. 160-ethylcstradiol 17-benzoatc. 

14. 16^-n-butyI estradiol. 

15. 16M3-butenyl>estradiol. 

30 !„• I6 i * Pharmaceutical composition comprising any one of the compounds 30 

diluent ; thereto^ together with a pharmaceutically acceptable carrier or 

17. A process for producing a compound of the formula (I) 




35 £j>erein R 1 " an alkyl group or an alkenyl group of two or more carbon atoms, and 35 
R is hydrogen or an acyl group (as herein defined), which process comprises 
subjecting a compound of the formula (II): 



10 



U570 t 597 



10 




(ii) 



wherein R 1 has the same meaning as defined above, R 2 ' is hydrogen or an acyl 
group (as herein defined and R s is a hydrocarbon radical or an acyl group (as herein 
defined), to cleavage of the acyl group or hydrocarbon radical of the etherified or 
5 est*rified hydroxyl group in the 3-poshion thereof. 5 

18. A process as claimed in Claim 17, wherein R 3 is an acyl group. 

19. A process as claimed in Claim 17, wherein R 3 is a hydrocarbon radical. 

20. A process as claimed in Claim 19, wherein the hydrocarbon radical 
represented by R* is lower alkyl having 1 to 3 carbon atoms, phenyl, p-nitrophenyl, 

10 benzyl or benzhydryL 10 

21. A process as claimed in Claim 18, wherein the acyl group represented by 
R 3 is lower alkylcarbonyi whose alkyl moiety is alkyl having I to 3 carbon atoms, or 
arylcarbonyl. 

22. A process for producing a compound (I) as defined in Claim 1, substantially 

15 as herein described with reference to any of the specific examples. 15 

23. Compound (I) as defined in Claim 1 when produced by a process as 
claimed in any of Claims 17 to 22. 

24. A pharmaceutical composition comprising at least one compound 0) as 
claimed in Claim 23, together with a pharmaceutical^ acceptable carrier or diluent 

20 therefor. 20 
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